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Focus on insects: Snapshots of newly published 
research in agricultural entomology 
Marlin E. Rice, Professor, Entomology, Iowa State University 
The scientific literature contains a wealth of new information on insect biology, ecology, behavior 
and management, but seldom does this research directly reach the crop advisor or agri-business 
professional. During the last year, numerous research papers have been published that may have 
relevance to crop production and management in Iowa. Articles were selected from the scientific 
journals Environmental Entomology or journal of Economic Entomology. These journals are 
published bi-monthly with Environmental Entomology focusing on the interaction of insects with 
the biological, chemical, and physical aspects of their environment, while journal of Economic 
Entomology emphasizes articles on the economic significance of insects. 
The objective of this presentation is to create awareness of this newly published research by 
briefly presenting an overview of the significant findings. Ten scientific papers were selected 
and the published abstracts are presented. Short excerpts from each paper and implications for 
pest management and crop protection in Iowa are included in a summary paragraph. A free PDF 
file of each paper can be accessed for more information on the research topic, materials and 
methods, results, and discussion by the authors at 
http :1 lwww. entsoc. org!Pu bs/Overview !index. htm. 
Field Measures of Western Corn Rootworm (Coleoptera: Chrysomelidae) 
Mortality Caused by Cry34/35Ab1 Proteins Expressed in Maize Event 
59122 and Implications forTrait Durability 
Nicholas P. Storer, Jonathan M. Babcock, and Jeffrey M. Edwards. Journal of 
Economic Entomology, 2006, vol. 99, no. 4, pp. 1381-1387 
Abstract 
Maize, Zea mays L., has been transformed to express the Cry34Ab1 and Cry35Ab1 proteins from 
Bacillus thuringiensis strain PS 149B 1. These two proteins act together as a binary insecticidal 
protein that is effective against corn rootworm (Coleoptera: Chrysomelidae) species. The design 
of the resistance management plan to preserve the long-term durability of this trait largely 
depends on the level of rootworm mortality induced by Cry34/35Ab1 corn rootworm-protected 
maize (frequently referred to as "dose" in this context). Here, we report on studies that showed 
Cry34/35Ab1-expressing maize event 59122 caused 99.1 to 99.98% mortality of western 
corn rootworm, Diabrotica virgifera virgifera LeConte , larvae, after adjusting adult emergence 
numbers for density-dependent mortality. In two of three studies, there was a short delay in 
time to 50% adult emergence from 59122 maize plots compared with control plots, although 
emergence was completed at approximately the same time from both types of maize. These data 
support an expectation that alleles conferring resistance to the Cry34/35Abl proteins in western 
corn rootworm will be functionally nearly completely to completely recessive on 59122 maize 
and that there is unlikely to be assortative mating of Cry34/35Ab1-resistant and susceptible 
rootworms. When incorporated into simulation models of rootworm adaptation to transgenic 
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maize, these findings suggest that a 20% refuge is likely to be highly effective at prolonging the 
durability of 59122 maize. 
Summary 
The tested proteins caused similar mortality of both male and female adult beetles, although 
there was a trend for a greater proportion of females emerging from the 59122 corn compared 
with the isoline hybrid. Reduced growth is a common sublethal effect seen with Bt proteins, 
but adults emerging from 59122 corn were not observed to be smaller than adults from near 
isoline hybrids, while in one case females were actually larger. Developmental delays are another 
common sublethal effect and one such delay was observed but this was not consistent across 
other years and locations. The lack of significance differences in adult sizes and emergence 
periods mean that there is unlikely to be assortive mating of Cry34/35Ab1-resistant and 
susceptible adults emerging from 59122 corn, which would help to delay the development of 
resistance. 
Diabrotica virgifera virgifera (Coleoptera: Chrysomelidae) Larval Feeding 
Behavior on Transgenic Maize (MON 863) and Its lsoline 
Pete L. Clark, TyT. Vaughn, Lance J. Meinke, Jaime Malina-Ochoa, and John E. 
Foster. Journal of Economic Entomology, 2006, vol. 99, no. 3, pp. 722-727 
Abstract 
Diabrotica species (Coleoptera: Chrysomelidae) larval behavior studies have posed a challenge 
to researchers because of the subterranean life cycle of this pest. To fully understand how the 
western corn rootworm, Diabrotica virgifera virgifera LeConte, injures the maize , Zea mays L., 
root system, its behavior must be studied. For example, larvae that can detect an area of the 
root that has a lower amount of toxin, whether from an insecticide or a transgenic maize plant, 
have an increased chance of survival. This study assessed D. v. virgifera larval feeding behavior 
on rootworm-susceptible maize and maize containing a biotechnology-derived trait (MON 
863) with resistance to D. v. virgifera first instar feeding. Maize plants were grown in a medium 
that allowed for direct observation and measurements during feeding of larval stadia. Neonates 
were placed on maize seedlings, and data were taken at 3, 6, 9, and 12 d postinfestation on 
resistant and susceptible maize. On rootworm-susceptible maize, neonate larvae aggregated at 
the root tips and began actively feeding, and then they moved to older root tissue. Conversely, 
some larvae that ingested Cry 3Bb 1 from the resistant maize exhibited no movement. Other 
larvae on the resistant maize moved continuously, sampling root hairs or root tissue but not 
actively feeding. The continuously moving larvae had visibly empty guts, suggesting possible 
nonpreference for the resistant root. This study contributes to our understanding of D. v. virgifera 
larval behavior and provides insight into questions surrounding the potential evolution of 
behavioral and biochemical resistance to Cry3Bbl. 
Summary 
There is some level of survivorship on YieldGard Rootworm corn as observed through adult 
emergence in other studies. How the larvae are able to accomplish this is not entirely clear, but 
the data presented here suggest that feeding behavior is involved. The larvae may be able to 
detect differences in Cry3Bb1 expression in the roots, which would facilitate survival. These 
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findings raise questions about the potential for evolution of behavioral resistance to Cry3Bbl 
protein and the current refuge requirements in place for corn rootworm management. 
Effect of Bacillus thuringiensis Cry3Bb1 Protein on the Feeding 
Behavior and Longevity of Adult Western Corn Rootworms (Coleoptera: 
Chrysomelidae) 
Timothy M. Nowatzki , Xu guo Zhou, Lance Meinke, Ty Vaughn, and Blair D. 
Siegfried. Journal of Economic Entomology, 2006, vol. 99, no. 3, pp. 927-930 
Abstract 
The first transgenic corn hybrids expressing the Bacillus thuringiensis (Bt) Cry3Bbl protein 
to control corn rootworm (Diabrotica spp.) larvae were registered for commercial use in 
2003. This study was conducted to investigate the effect of Cry3Bbl protein in combination 
with a cucurbitacin bait on adult feeding and longevity of both organophosphate-resistant 
and -susceptible western corn rootworms, Diabrotica virgifera virgifera LeConte (Coleoptera: 
Chrysomelidae). In choice and no-choice tests, possible repellency to the Bt protein was 
quantified by comparing beetle consumption of cellulose disks treated with three concentrations 
of Bt in combination with a feeding stimulant (Invite EC) to disks treated with stimulant alone. A 
lethal-time assay also was conducted to examine survival of beetles exposed to Bt protein in their 
diet. Results from these assays indicate that adult rootworms are not significantly deterred by the 
presence of Cry3Bbl on the treated discs and that ingestion of toxin does not adversely affect 
adult longevity. 
Summary 
The data suggest that western corn rootworm adults will exhibit similar feeding behaviors 
when encountering transgenic (Cry3Bbl) corn or nontransgenic plants. It is unlikely that 
the protein will have significant effects on adults that might impact resistance management 
recommendations. For example, if the Cry3Bbl protein was repellent to adult corn rootworms, 
there may be a decrease in the number of adults from refuge fields entering the transgenic field , 
which would decrease the effectiveness of the refuge acres. 
Evaluation of Effects of Coleopteran-Specific Cry3Bb1 Protein on 
Earthworms Exposed to Soil Containing Corn Roots or Biomass 
Aqeel Ahmad, Gerald E. Wilde, and Kun Van Zhu. Environmental Entomology, 
2006, vol. 35, no. 4, pp. 976-985 
A bstract 
Corn engineered to produce the Cry3Bbl protein from Bacillus thuringiensis Berliner (Bt) has 
provided unprecedented control for corn rootworm (Diabrotica virgifera virgifera Le Conte). 
However, accumulation and persistence of plant-produced Bt protein in soils may occur where 
Bt crops are repeatedly grown and residues of the crop plants are incorporated into the soil. If Bt 
protein is released into the soil rhizosphere , it may affect soil organisms. Studies were conducted 
to determine the effect of Bt or non-Bt corn roots and biomass on the weight and mortality of the 
earthworm, Lumbricus terrestris L. with different exposure methods and times. Enzyme-linked 
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immunosorbent assay (ELISA) was conducted to determine if the Cry3Bbl protein was present 
in the soil from the gut and excreta of earthworms. Results of these studies showed that there 
were no significant differences in weight and percent mortality of earthworms in soil planted or 
not planted with Bt and non-Bt corn or in soil containing ground air-dried biomass of Bt and 
non-Bt plants. Cry3Bbl protein was detected in the soil from pots and the gut and excreta of 
earthworms exposed to Bt roots or biomass, whereas it was absent in soil from pot, the gut and 
excreta of earthworms exposed to roots or biomass of non-Bt corn. There was no significant 
difference in the amount of the protein recovered from pots or the gut or excreta of earthworms 
exposed to soils containing Bt roots or biomass for 12 or 33 d. 
Summary 
The results suggest no negative effects on the survival and weight of common nightcrawlers 
resulting from ingestion of soil exposed to Cry3Bbl corn. These data agree with similar studies 
using the Cry lAb protein with different short -term exposure times. Transgenic Bt corn appears to 
be compatible with earthworm communities in corn fields. 
Seasonal Oviposition of a Western Corn Rootworm, Diabrotica virgifera 
virgifera LeConte (Coleoptera: Chrysomelidae), Variant in East Central 
Illinois Commercial Maize and Soybean Fields 
C. M. F. Pierce and M. E. Gray. Environmental Entomology, 2006, vol. 35, no. 3, pp. 
676-683 
A bstract 
Three different on-farm sites in east central Illinois (Iroquois County), each containing a 
commercial production maize and soybean field , were sampled for variant western corn 
rootworm, Diabrotica virgifera virgifera LeConte , eggs from june 1999 through September 
2001. Egg densities of D. v. virgifera eggs were determined at the 0.0- to 10- and 10- to 20-cm 
depths in these fields. Total mean egg densities of D. v. virgifera were significantly greater in 
soybean (0.42 and 0.57 eggs/0.47liter) than in maize (0.27 and 0.29 eggs/0.47liter) in 1999 
and 2001 , respectively. However, in 2000, there was no significant difference in the numbers of 
eggs in maize (0.4 3 eggs/0.4 7 liter) and soybean (0.52 eggs/0.4 7 liter). Most D. v. virgifera eggs 
were found in the 0.0- to 10.0-cm depth in both maize and soybean in 1999, 2000, and 2001. 
Oviposition was ~so% complete by 28 and 28 july and l August in maize and by 31 and 30 j uly 
and l 0 August in soybean fields from 1999 through 200 l , respectively. Oviposition was ~90% 
complete by 9, l 7, and 14 August in maize and by 15, 12 , and 26 August in soybean fie lds from 
1999 through 200 l , respectively. Although densities of female D. v. virgifera adults increased 
significantly in soybean and decreased in maize after maize reached the R2 stage of development, 
oviposition by variant D. v. virgifera is indiscriminate and occurs in soybean before maize reaches 
the R2 stage. 
Summary 
Corn growers in Illinois continue to express interest in using insecticides to control adult corn 
rootworms in soybeans, thereby preventing egg laying and potentially eliminating the need fo r 
an insecticide in first-year corn the following year. The research indicates that because of the 
protracted egg-laying period in soybean, the potential need for multiple insecticide treatments 
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exists. Multiple broadcast treatments would likely not be cost effective and some growers would 
possibly still elect to use a soil insecticide on corn the following year because of lingering 
concerns about the effectiveness of suppressing egg laying in soybean fields. 
Western Corn Rootworm, Diabrotica virgifera virgifera LeConte 
(Coleoptera: Chrysomelidae), Oviposition: A Variant's Response to Maize 
Phenology 
C. M. F. Pierce and M. E. Gray. Environmental Entomology, 2006, val. 35, no. 2, pp. 
423-434 
Abstract 
We evaluated the potential effect of phenological differences in maize, Zea mays L., and soybeans, 
Glycine max L. Merr., on adult densities and oviposition of the western corn rootworm, Diabrotica 
virgifera virgifera LeConte. Maize and soybean varieties were planted at various planting dates in 
Urbana-Champaign (east central Illinois) and Monmouth (northwestern Illinois) during 2000 
and 200 l. Historically, maize is grown in rotation with soybean in east central Illinois and is not 
rotated (continuous maize) in northwestern Illinois. Results from our research in the Urbana-
Champaign phenology trial indicated that adult captures increased in soybean plots after the 
maize developed past the R2 stage of development. Significantly more D. v. virgifera eggs were 
deposited in the soil of soybean plots than in early planted maize plots. However, maize was not 
abandoned as an egg-laying site. In fact , the soil in late-planted maize plots was a competitive 
sink for D. v. virgifera eggs compared with soybean treatments. Results from our research in the 
Monmouth phenology trial indicated adult captures increased in late-planted maize after the R2 
stage of development. Significantly more D. v. virgifera eggs were deposited in late-planted and 
early planted maize as compared with soybean. Soybean plots were not an egg-laying target at 
the Monmouth experimental site. We believe this documents different field level responses in 
ovipositional behavior of D. v. virgifera populations that inhabit east central and northwestern 
Illinois. We also hypothesize the intensive selection pressure that resulted from decades of crop 
rotation in east central Illinois resulted in a variant D. v. virgifera that responds to the phenology 
of maize by expanding its ovipositional range of crops, most notably to include soybeans. 
Summary 
Western corn rootworm beetles in east-central Illinois respond to changes in corn development, 
moving at the R2 stage out of corn into soybeans. This behavior is common in areas of intense 
corn-soybean rotations but is rare in areas of continuous corn production. This behavior 
appeared rather suddenly (1987) and the rapid spread of injury in central Illinois is strong 
evidence for a rotation resistant population. Similar behavior could be expected in Iowa where 
intense corn-soybean rotation occurs. 
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Behavioral Differences Between Rotation-resistant and Wild-type 
Diabrotica virgifera virgifera (Coleoptera: Chrysomelidae) 
L. M . Knolhoff, D. W. Onstad, J. L. Spencer, and E. Levine. Environmental 
Entomology, 2006, vol. 35, no. 4, pp. 1049-1057 
Abstract 
In Illinois and Indiana, the western corn rootworm, Diabrotica virgifera virgifera LeConte, 
circumvents crop rotation as a control measure by ovipositing in soybean (Glycine max L. Merr.) 
fields and in other crops in rotation with corn (Zea mays L.). A means of distinguishing between 
rotation-resistant and wild-type behavioral phenotypes is the first step in determining the genetic 
basis of rotation resistance. The time between release into and departure from a bioassay arena 
was used as a measure of beetle activity to distinguish between behavioral phenotypes. Results 
from these assays indicate that D. v. virgifera females from regions where crop rotation is no 
longer effective are more active than females from regions where rotation remains effective. The 
geographic source of the beetle population was a main significant effect in trials done in both 
2004 and 2005. Behavioral differences were more easily observed in a cornfield rather than in 
the laboratory. Results were consistent with the hypothesis that a loss of fidelity to corn rather 
than any particular attractant is the cause of rotation resistance. Behavioral differences between 
populations of beetles in similar environments suggest that there is a genetic difference between 
rotation-resistant and wild-type D. v. virgifera, although no specific gene or genes have yet been 
identified. 
Summary 
Western corn rootworm populations from four locations (including one from Ames, Iowa) were 
found to differ in their flight behavior. Beetle populations closest to east -central Illinois, where 
the rotation resistant variant was first found , were more active and more prone to fly than beetles 
from Ames. Flight activity is one way to characterize behavioral differences between beetles 
representing rotation-resistant and wild-type (non-rotation resistant) beetle populations. 
Characterization of Antibiosis and Antixenosis to the Soybean Aphid 
(Hemiptera: Aphididae) in Several Soybean Genotypes 
John Diaz-Montano, John C. Reese, WilliamT. Schapaugh, and Leslie R. Campbell. 
Journal of Economic Entomology, 2006, vol. 99, no. 5, pp. 1884-1889 
Abstract 
The soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), is an introduced pest 
of soybean, Glycine max (L.) Merr., in North America, and it can reduce yields by 50%. Since 
2000, when A glycines was first detected in the United States, studies of this insect and possible 
control methods have been initiated. Plant resistance to this aphid species is one important 
component of integrated control. Reproduction of A glycines was compared on 240 soybean 
entries in a pesticide-free greenhouse. Eleven entries had fewer nymphs produced, compared 
with the susceptible checks, and these entries were used in follow-up experiments to assess 
antibiosis and antixenosis . Antibiosis was estimated in true no-choice tests, in which adults were 
confined individually in double-sided sticky cages stuck to the upper side of leaves. Antixenosis 
was assessed in choice tests, in which all entries were planted in a single pot. Adult aphids were 
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placed in the center of the pot, and 24 h later the number of adults on each plant was counted. 
Of the ll entries evaluated, nine showed a moderate antibiotic effect to A. glycines, and the 
other two entries (Kl639 and Pioneer 95B97) showed not only a strong antibiotic effect but also 
exhibited antixenosis as a category of resistance to A. glycines. The resistant soybean entries found 
in this work are potential sources for A. glycines control. 
Summary 
Soybean aphids on Pioneer 95B97 produced 85% fewer aphid nymphs than female aphids on 
Pioneer 93Bl5 . The data suggest that some a few soybean lines offer high levels of resistance to 
soybean aphids and other soybean lines should be examined for potential sources of resistance. 
Suppression of Population Growth of the Soybean Aphid, Aphis glycines 
Matsumura, by Predators: The Identification of a Key Predator and the 
Effects of Prey Dispersion, Predator Abundance, and Temperature 
Nicolas Desneux, Robert J. O'neil , and Ho Jung S. Yoo. Environmental 
Entomology, 2006, vo l. 35, no. 5, pp. 1342-1349 
Abstract 
The soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), has recently invaded 
North America from Asia and has become a major pest in soybean. Using field surveys and 
cage exclusion techniques, we identified the effect of natural enemies and abiotic factors on the 
growth of soybean aphid populations in 2004 and 2005. The soybean aphid population was 
significantly limited by natural enemies in the field. Generalist predators dominated the natural 
enemy community One species, Orius insidiosus Say (Hemiptera: Anthocoridae) represented 85-
90% of predators found. There was a significant negative relationship between aphid population 
growth and 0 . insidiosus abundance. For other predators, there were no relationships between 
abundance and aphid population growth. The spatial distribution of aphids among plants 
affected the impact of 0 . insidiosus on aphid population growth. When aphids were distributed in 
a clumped manner, increases in 0. insidiosus numbers resulted in lower aphid growth rates. For 
randomly distributed aphids, there was no effect of 0. insidiosus abundance on aphid population 
growth. Finally, we found no relationship between aphid population growth and degree-day 
accumulations. The potential of 0. insidiosus to suppress soybean aphid population growth 
at low aphid numbers and the importance of the predator to soybean aphid integrated pest 
management are discussed. 
Summary 
The minute pirate bug, Orius insidiosus, is a significant predator of soybean aphids when 
they occur in clumped distributions but is a less efficient predator when soybean aphids are 
randomly distributed. In the absence of all predators, soybean aphids were able to increase up 
to a maximum 7. 7 -fold, whereas in the presence of predators, aphids only achieved a maximum 
increase of 2.9-fold. Using the economic threshold of 250 aphids per plant, 10 aphids would 
exceed the threshold in ~3 weeks (assuming no immigration or emigration). In contrast, aphids 
exposed to predators would require ~8 weeks to reach the threshold. Depending on the arrival 
date and number of colonizing aphids, the delay induced by predation could result in reduced 
damage to soybeans. 
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Alate Production of Soybean Aphid (Homoptera: Aphididae) in Minnesota 
E. W. Hodgson, R. C. Venette, M. Abrahamson, and D. W. Ragsdale. Environmental 
Entomology, 2005, vol. 34, no. 6, pp. 1456-1463 
Abstract 
The soybean aphid, Aphis glycines Matsumura, is a serious pest in Midwestern soybean, Glycine 
max L Merrill, and has the potential to colonize a large geographic range throughout a single 
growing season. Our objectives were to describe colonization patterns on a statewide spatial and 
temporal scale, examine the changing proportion of winged forms throughout a season, and 
assess photoperiod as a potential trigger for alate production. In Minnesota, we define initial 
colonization as the period of time during the early vegetative growth when alates were present 
and alatoid nymphs were absent on soybean. Initial colonization during 2002 and 2003 was ~2 
wk. On average across Minnesota, summer migrants were first produced when most fields were 
at the initial flowering stages in 2002. In 2003, an outbreak year, initial detection of summer 
migrants occurred earlier during vegetative stages before flowering. The significant increase in 
the proportion of all potential migratory forms (i.e., alatoid nymphs and adults) occurred during 
the beginning of seed set for both years. During seed set, the mean proportion of alate A glycines 
was 0.15 ± 0.04 (SE) in 2002 and 0.16 ± 0.06 in 2003. The mean proportion of alatoid nymph 
A glycines was 0.14 ± 0.04 in 2002 and 0.29 ± 0.04 in 2003 during seed set. The total mean 
proportion of migratory forms was higher when the critical L:D photoperiod was 14.5:9.5 hid. A 
regression analysis also indicated the proportion of winged A glycines increased with decreasing 
photoperiod. 
Summary 
The first detection of alatoid nymphs (those with developing wing pads) before soybeans reach 
the flowering stage may serve as an early indicator of potentially high soybean aphid populations 
during the summer. 
